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) I Φj+ 1
2
= Φ(uj , uj+1, fj+ 1
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Φ(u, v, f, g) =
1
2






%#]jo[hY¢qrjl]iw¢n&{m~[{PqkjrUou{Pq  [oi¥ P
Φj+ 1
2
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− = (1 − β) (fj+1 − fj) + β (fj − fj−1)
∆fj+ 1
2
















− = (1 − β) (fj+1 − fj) + β (fj − fj−1)
+ θc (− fj−1 + 3fj − 3fj+1 + fj+2 )
+ θd (− fj−2 + 3fj−1 − 3fj + fj+1 )
∆fj+ 1
2
+ = (1 − β) (fj+1 − fj) + β (fj+2 − fj+1)
+ θc (− fj−1 + 3fj − 3fj+1 + fj+2 )


















ω δ β θc θd  
Q½ · 
*  * *Qµy   
  * *Qµy «F*µ  
  * *Qµy  «F*µ 
  * *Qµy «F*µT*B « *QµT*0S S
    *Qµy «F*µT*B « *QµT*0S 
S * *    





( (1 + δ)θd fj−3
+ [(1 + δ)β + 2δθc − 4δθd − 4θd] fj−2
+ [−2(β + 2δβ + 1) − 8δθc + 5θd + 7δθd] fj−1
+ [6δβ + 12δθc − 8δθd] fj
+ [2(β − 2δβ + 1) − 8δθc − 5θd + 7δθd] fj+1
+ [−(1 − δ)β + 2δθc − 4δθd + 4θd] fj+2





























C3 = 1 − 3β
C4 = δ(β + 2θ
c + 2θd)
C5 = 1 − 15β − 60θ
d
C6 = δ(β + 2θ
c + 8θd) .
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MωU(t) + ∆xΨ(U) = 0
¯N*B|²
(MωU(t))j = (1 − ω)Uj,t + ωmj,j−1Uj−1,t + ωmj,jUj,t + ωmj,j+1Uj+1,t¢Xu]:ql]
mj,j−1 = 1/6∆x
mj,j = 2/3∆x













θc = θd = 0
²%¤ =w¢ë]UP]:q:§5jlXurthhlHXu]:\m]&{|ih
irthhkr~[{jrw|nm w|q=wPouq=~uouq~@w|hl]:h:§P¢ë])~uqwP~@w|hl]Yjlw{|u{hlr±¥gjXi«Éw|qi]:q=i]Uqry{jlrP]|¤1"înw|qi]:q-jlw~uql]:~[{yq]











Φ(u, v, f, g) =
1
2
[ (1 + δsign(c))f + (1 − δsign(c))g ] , c = f ′(u/2 + v/2)
f = f+j+1/2 = fj/2 + fj+1/2 + Tj+1/2/2



















Tj+1/2 = C(−fj−2 + 5fj−1 − 10fj + 10fj+1 − 5fj+2 + fj+3)
¯N*:T²
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δ̄fk,k−1 = fk − fk−1
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Tj+1/2 = C(δ̄fj−1,j−2 − 4δ̄fj,j−1 + 6δ̄fj+1,j − 4δ̄fj+2,j+1 + δ̄fj+3,j+2)
rn|jqlwiuo[rnumjlXu]U]Un|jq{PÚir40]Uq]UnK]
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U (0) = Un
V1 = ∆t Ψ(U
n)
V2 = ∆t Ψ(U
n + V1/2)
V3 = ∆t Ψ(U
n + V2/2)
V4 = ∆t Ψ(U
n + V3)




U (0) = Un
U (k) = U (0) +
∆t





, k = 1 . . . N
Un+1 = U (N)
¯N* S|²








ω β θc θd δ CFLmax * *
 *Qµ   * i¤  *B
 *Qµ « *Qµy  * u¤Fy|
 *Qµ  «F*Qµy * *P¤ PT
 *Qµ «F*Qµ6*: «F*Qµ6* S * *P¤ P 
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U (0) = Un
U (k) = U (0) +
∆t





, k = 1 . . . N





       ¼   · : ·    









WYXu]Á°{y\?rf®wy,< hlHXu]U\?]BhëjlXK{jrthYUwPn[hlrti]Uq]:®rth{  D
 	    
 0J6











 	jzfg~@]P¤  ]¡q] ]Uqjw (+*:0-) w|q{
i]Uj{Pr]:u]:hlUqlr~ijrw|nwPjlXurthY°{y\?rfwPhlHXu]U\?]|¤




















































































:'	H ""	"1B	?`:'	a"g d B		k<^a	Q+;Y	lxbnyf\*7/1a	Q3 































Fij = Fi + 0.5 (~∇F )ij .~ij
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(~∇F )ij .~ij = (1 − β)(~∇F )
c




(~∇F )uij .~ij − 2(














(~∇F )ji.~ij = (1 − β)(~∇F )
c




(~∇F )uij .~ij − 2(
































































ψiψj dv + (1 − ω)M
FV M
i j
MFV Mi j = meas(Ci) if i = j, 0 else.
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C1 = b∆x+ a∆y
C2 = |b∆x+ a∆y| + | − b∆x+ 2a∆y|
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Tij = C(2(~∇F )D∗
ij
.~ij − 5(~∇F )uij .~ij + 6(~∇F )
c
ij .~ij − 5(~∇F )
d
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ω β ξc ξd δ
G`qHi]Uq
β
«¬hX[]U\?]  *µ   * 
β
«¬hX[]U\?]  *µ    
? « `a£]jXuwi  *µ «*Qµ| «z|µT*0S * S
?"À-« Á?a¡]jlX[wi * *µ   * 





















































|A(Ũ)|(UR − UL)/2 = T








sign(A) = T−1Diag(sign(λ1), sign(λ2), sign(λ3))T.
¯M S|²
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(F (UL) + F (UR))/2 − sign(A(Ũ))(F (UR) − F (UL))/2 .
¯MPT²
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U = (ρ, ρu, ρv,E)
w|n]:{|XP]Uqljl]U¥wyjXu]\m]BhkX£{yq]ÁPrP]Un#¤
*P¤=´ëw|\?~uoijl]³jlXu]M Koi¥i]:h























	 /  P
UwP\?~uoijl]³jXu]]¥gjlqH{y~@w|{yjl]:hlw|~@]:hMP
(~∇F̄ )ij · ~ij = (1 − β)(~∇F̄ ))
c
ij · ~ij + β(
~∇F̄ ))uij · ~ij
+ξc
[
(~∇F̄ ))uij · ~ij − 2(
~∇F̄ ))cij · ~ij + (
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F̄ = (F̄ , Ḡ)










Φij = 0.5 (F̄ij + F̄ji) · nij
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′, G′)((Ui + Uj)/2) · nij .
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· ~ij − 5(~∇F̄)uij · ~ij + 6(
~∇F̄)cij · ~ij − 5(




























(F̄i + F̄j) · nij − T̄ij · nij
¯ |T²
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Φij = 0.5 (F̄ij + F̄ji) · nij
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 P²
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(~∇Ũ)ij · ~ij = (1 − β)(~∇Ũ))
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(~∇Ũ))uij · ~ij − 2(












Ũij = Ũi + ∇Ũij
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